Strains of Saccharom yces cerevisiae heteroallelic for the adenine-2 locus, heterozygous for outside markers and homozygous for tryptophan-1, were ultraviolet (u.v.)-irradiated and the effect of post-treatment with white light determined. Mitotic gene conversion to adenine independence and mutation to tryptophan independence and to adenine independence were both decreased by post-u.v.-irradiation treatment with white light, whereas mitotic reciprocal recombination of outside markers was unaffected. The effect of varying the treatment with white light after a constant degree of exposure to u.v.-radiation produced a decrease in reversion frequency to a constant value a t light exposures of 5 min. and more. The differing responses of reciprocal recombination and gene conversion are discussed.
INTRODUCTION
The effect of post-treatment with white light of ultraviolet (u.v.)-irradiated cells has been studied in bacteria (Doudney & Haas, 1958) . Post-treatment has been shown to produce a decrease in the number of prototrophic revertants amongst the survivors of u.v.-irradiation. Changes of genotype during mitosis in diploid yeast may be due to one of three events: mutation, reciprocal recombination and gene conversion or non-reciprocal recombination (Roman, 1956 a, b) . Gene conversion in yeast was reviewed by Roman (1963) and Holliday (1964) . Both gene conversion and reciprocal recombination, detected by the formation of homozygous recessive colonies in a heterozygous diploid, have been demonstrated to increase with u.v.-irradiation (James & Lee-Whiting, 1955; Roman, 1958) , and it has been shown that a correlation exists between the occurrence of gene conversion and reciprocal recombination (Fogel & Hurst, 1963; Kakar, 1963) . Roman & Jacob (1958) showed, however, that the proportion of reciprocal recombinants recovered among cells in which gene conversion had occurred decreased with increasing dosage of U.V. radiation.
Diploid Saccharomyces cerevisiae which is heteroallelic a t the adenine-2 locus, 2n = a d , ,/ad,,. is red and requires adenine for growth. The symbols used here and throughout the text are those agreed to a t the Carbondale Yeast Genetics Conference, 1963. The subscripts in a d , , and ad2,, indicate that the mutations are independently isolated recombining alleles of the ad, locus. Gene conversion may occur during mitosis to give heterozygous diploids of either ad,,/ + or ad,,,/ +genotype, with a corresponding change in phenotype from red adenine-requiring to white prototrophic. The double mutant heterozygote, 2n = a d , , -ad,, , / + has not been 236 J. M. PARRY AND B. S. Cox found (Cox, 1963) . The present paper reports an investigation of the effect of white light as a post-treatment to u.v.-irradiation on gene conversion in such a heteroallelic diploid, on reciprocal recombination at outside markers from a heterozygous to a homozygous recessive condition and on mutation to prototrophy.
BETHODS

Strains.
The Saccharomyces cerevisiae diploids used were composed as follows : J20-10 x 126 W5a = a/u, a d , ,/ad,, c, hia/+, +/me,, +Isel, tr,/tr,. 98/2d x l l l l l d = a/a, a d , ,/ad,, c, hia/ +, se/ -k ,
The haploids used were: W 7 l / l a = u, ad,,cse,, tr,; J20-10 = a, ad,,cme,, se,, tr,; 126 W5a = a, adz,,, h i , tr,. All strains are derived from cultures originally provided by Dr D. C. Hawthorne. The markers ad,, se,, and hi, are linked on chromosome XI1 as follows:
centromere-30-hiB-15-se,-23-ad, (Carbondale Yeast Genetics Conference, 1963 (1) Diploid J20-10 x 126 W5a. Ultraviolet treatment for 0-90 sec., with and without post-treatment with white light for 5 min. The treated samples were scored for reversion to adenine independence, tryptophan independence, homozygosis at other loci and survival. tryptophan. No attempt was made to distinguish between reversion and suppression due to mutations at other loci. Homozygosis was detected by replicating the colonies formed on complete medium agar by treated samples on suitably supplemented minimal medium agar.
RESULTS
The data on the survival and reversion to adenine independence in strain J20-10 x 126 W5u is expressed in Figs. 1 and 2. Fig. 1 shows that the effect of post-treatment with white light was to increase the yo survival. Fig. 2 shows that the effect of post-treatment with white light was to decrease the % of revertant colonies amongst the survivors of u.v.-irradiation. These results indicate that the effect of white light post-treatment was to diminish the effect of u.v.-irradiation, whether measured as survival (about a ten-fold increase in the survival at u.v.-irradiation for 90 sec.) or as the frequency of revertant colonies (a decrease from about 0.2 to 0.1 revertants yo survivors at 60 sec. u.v.-irradiation). The vertical bars show the 95 yo probability limits. show the 95 yo probability limits. radiation. Thus the increase in reversion to adenine independence in the diploid strain J20-10 x 125 W5a could not be accounted for on the basis of a sum of the frequencies of mutation to adenine independence at the ad, loci of the component strains. The effect of post-treatment with white light for 5 min. on the number of cells revertant to tryptophan independence is shown in Fig. 3 . White light produced a decrease in the number of revertant colonies at the various doses of u.v.-radiation (from approximately 0.02 to 0.01 revertants % survivors at 60 sec. u.v.-irradiation. Figs. 2 and 3 shows the close similarity between the effect of posttreatment with white light on the reversion to adenine independence and to tryptophan independence. In the reversion to adenine independence the process is that of gene conversion; reversion to tryptophan independence is by mutation. Table 2 shows the occurrence of homozygosity at the se, and hi, loci on chromosome XI1 and the me, locus on another chromosome. The results from all three markers have been summed. There were no significant differences between the results for each marker. These results show that increases in u.v.-irradiation produce an increase in humozygosity by reciprocal recombination (from 0 at Osec. u.v.-iradiation to 24-8 % 'of survivors at 60 sec.). Post-treatment with white light had no significant effect on reciprocal recombination : after u.v.-irradiation for 60 sec.
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DISCUSSION
The frequencies of reciprocal recombination, gene conversion to adenine independence and mutation to tryptophan and adenine independence were all increased by ultraviolet-irradiation. Both gene conversion to adenine independence and mutation to tryptophan or to adenine independence were decreased by post-treatment with white light. This decrease in reversion to prototrophy was accompanied by an increase in survival. This contrasts with the absence of any effect of posttreatment on reciprocal recombination, where the same frequency of recombinants J. M. PARRY AND B. (1963) concluded from their results that reciprocal recombination and gene conversion were interdependent; but the present results indicated that the processes are distinguishable by their response to photoreactivation by white light. There are three possible explanations. One is that there is some reversible damage by u.v.-irradiation which is responsible for 90 % of killing, 50 % of gene conversion and mutation events and for no reciprocal recombination. Reciprocal recombination and the remaining 50% of gene conversion and mutations are due to irreversible u.v.-irradiation damage. The second possibility is that photo-reactivation does not directly affect any of the processes involved in the changing genotype of the yeast cultures, but only survival. The results might be explained by assuming that u.v.-irradiation leaves a population of organisms with three components-alive, dead and those moribund but capable of revival by white light. At 60 sec. u.v.-irradiation the fraction capable of revival is about four times the size of the living fraction, but may contain a lower proportion of gene conversions or mutations. As organisms are recovered by photoreactivation, the proportion of revertants among all survivors would decrease. Reciprocal recombination, by contrast, may be assumed to be induced by u.v.-irradiation in a similar proportion of all fractions of the treated population, and therefore white-light reactivation will have no effect on the proportion of homozygous recessives recovered as the degree of survival increases.
Hurst
The third possibility is that gene conversion and mutation require post-irradiation dark incubation for maximum expression, whereas reciprocal recombination does not. Witkin (1956, 1964) reported such an effect in the yield of back-mutations after post-irradiation treatment of bacteria. After 5 min. white light post-treatment of Saccharonayces cerevisiae strains 98/2d x l l l l l d and W7l/la, a constant value of revertants/survivor resulted with further increases in light treatment, even though the degree of survival continued to increase. This suggests that u.v.-ir.radiation induces a fixed frequency of revertants at a given dose, which we may call (a+b), where a is the frequency present after 5 min. post-treatment with white light and b is that frequency which requires dark incubation. The frequency (a+b) will be distributed between survivors and non-survivors in the same ratio of alb. After 5 min. post-treatment with white light, b revertants are lost and do not appear amongst the survivors. Further increases in the duration of white light treatment increases the number of survivors with a subsequent recovery of a revertants among them. Thus increases in survival with white light post-treatment greater than 5 min. will produce a constant percentage of revertants, since survivors are being recovered from the reversibly-damaged fraction of the sample which has a revertant cells.
These results show a remarkable similarity in the response of the processes of gene conversion and of mutation to u.v.-irradiation and photoreactivation. Gene conversion is usually thought of as a process of recombination and therefore distinct from mutation. It will be interesting to determine whether or not there is any basic similarity in the two processes.
